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Introduction
The term tauopathies refers generally to neurodegenerative diseases with prominent tau pathology in the CNS, predominantly within the neuronal compartment, but also within glial cells. Tau is an abundant micro-tubule-associated protein, physiologically expressed in neurons. In tauopathies, the soluble tau protein detaches from microtubules and forms abnormal, fibrillar structures of aggregated, hyperphosphorylated, and ubiquinated tau. The molecular composition of tau aggregates in tauopathies is becoming better understood, resulting in the definition of etiologically heterogenous, clinically and neuropathologically overlapping disease entities. Some tauopathies are characterized by parkinsonism, which may be partially responsive to levodopa; others are characterized by dementia with signs of frontal lobe dysfunction; still others are characterized by a motor neuron disorder phenotype. Neuropathology and clinical syndromes can be categorized as follows (Table 1 ):
• predominant tau pathology/prominent parkinsonism;
• predominant tau pathology/variable parkinsonism;
• predominant tau pathology/parkinsonism uncommon; • tau pathology associated with b-amyloid deposition or • tau deposition with other pathology.
The increasing number of tauopathies described in distinct geographic regions (Guam, Guadeloupe, New Guinea, and others) add potential causative genetic and environmental factors to the disease spectrum. Postencephalitic parkinsonism (PEP) and dementia pugilistica are examples of tauopathies that reinforce the need to consider viral and traumatic etiologies. Subsuming distinct disease entities under the term tauopathy may be justified simply for practical reasons because the clinical phenotypes are related. In addition, the term may lead to insights into overlapping pathogenetic and etiologic aspects of the discrete diseases, which then may be amenable to disease-modifying treatment strategies.
The debate over combining or separating the disease entities prompted formation of the Reisensburg Working Group for Tauopathies With Parkinsonism. Here, we review the current understanding of these disorders and their pathogenesis and outline strategies that may lead to formation of an international scientific task force to expedite development of novel treatment approaches.
The clinical spectrum of tauopathies Progressive supranuclear palsy
Progressive supranuclear palsy (PSP; Steele-Richardson-Olszewski syndrome) is a tauopathy with predominant tau pathology and prominent parkinsonism. Although the clinical features are well defined [1] , the ÔclassicalÕ picture may represent only a part of the whole disease spectrum. Subtle signs in the earliest stages of PSP may hamper a confident diagnosis of PSP, and more than 90% of the patients are seen by more than 2 physicians before a diagnosis is made [2] . Moreover, a correct diagnosis is usually made 3.6-4.9 years after the onset of clinical signs, and even the National Institute of Neurological Disorders and Stroke/Society for Progressive Supranuclear Palsy (NINDS/SPSP) criteria detect only 50-75% of patients within 3 years of disease onset [3] .
Clinical signs at onset are most frequently impaired mobility, falls, cognitive deficits, and bulbar signs [4] . A number of PSP phenotypic variants have been described recently. These include a more indolent form with a Parkinson disease (PD)-like presentation, including bradykinesia and rigidity, response to levodopa, asymmetric onset, and tremor [5] and a pure akinetic form with gait freezing and an apraxia of speech with delayed or even absent core PSP features. Table 2 details the NINDS/SPSP diagnostic inclusion criteria for PSP.
The neuropathologic features of PSP [6] include predominant midbrain atrophy; to a lesser extent, atrophy of the pallidum, thalamus, and subthalamic nucleus; and mild symmetric frontal atrophy. The histopathology is characterized by neuronal changes (globose and flame-shaped neurofibrillary tangles, neuropil threads) and glial tau pathology (tufted astrocytes, thorn-shaped astrocytes, oligodendrial coiled bodies), which show a distinct topographic distribution [7] . PSP is a predominant 4-repeat tauopathy, and predominant, insoluble 4-repeat tau can also be detected in the white matter.
Corticobasal degeneration
Corticobasal degeneration (CBD), also a predominant 4-repeat tauopathy, is thought to be a rare disease, but its incidence is potentially underestimated because the diagnostic criteria are biased toward the classical syndrome (Ôparietoperceptuomotor syndromeÕ). Important neuropathologic features are cortical and nigral atrophy; microscopically there are numerous swollen cortical neurons as well as tau-immunoreactive astrocytic plaques not seen in other tauopathies. Clinical manifestations of CBD include movement disorders (akinesia, rigidity, limb dystonia, focal reflex myoclonus, postural/action tremor, postural instability); cerebral cortical features (cortical sensory loss, apraxia, alien limb, frontal release signs, dementia, dysphasia); and other features (corticospinal tract signs, oculomotor dysfunction, eyelid motor dysfunction, dysarthria, dysphagia). Because the majority of investigations lack neuropathologic confirmation and in at least one-third of the patients with this phenotype the underlying pathology does not correspond to CBD, it has been suggested that this phenotype be considered a spectrum of diseases rather than a defined disease entity [8] . For instance, in neuropathologically studied cases, a Ôcorti-cobasal syndromeÕ was observed in PSP, Pick disease, Alzheimer disease (AD), frontotemporal dementia with parkinsonism, and frontotemporal lobar degeneration with ubiquitin-positive inclusions. In neuropathologic studies, CBD pathology was found to be associated with several clinical syndromes, e.g. primary progressive aphasia, frontal lobe dementia, dementia/apraxia/ parkinsonism, speech apraxia, and Balint syndrome.
Frontotemporal dementia with parkinsonism
In frontotemporal dementia with parkinsonism linked to chromosome , an increasing number of mutations in the MAPT (microtubule-associated protein tau) gene cause a wide spectrum of clinical presentations [9] . Age at onset ranges from the 20s to very old age. Disease duration is 8-10 years with most mutations, but it is much longer with some, particularly the R406W mutation. The clinical phenotype is dominated by dementia of the frontal lobe type (P301L, G272V, and others); of the Alzheimer type (R406W, S320F); or by psychosis, hallucinations, and delusions (V337M). The parkinsonian component ranges from a classical, but not dopa-sensitive syndrome with rigidity, bradykinesia, postural tremor, and resting tremor (N279K, N296H) to a clinical picture resembling PSP (delN296, S305S, N279K) and CBD (P301S). A motor neuron component is unusual in most MAPT mutations. The K317M mutation, however, is associated with amyotrophy, fasciculations, and denervation. Intrafamilial variation may exist. Recently, the importance of progranulin mutations was discovered for frontotemporal dementia [10] , and in fact, this may now be the commonest cause of familial corticobasal syndrome.
Pick disease
The neuropathology of Pick disease shows circumscribed atrophy of the frontal, frontotemporal, and frontoparietotemporal cortices and of ballooned neurons as well as Pick bodies, i.e. neuronal aggregates of hyperphosphorylated tau. In addition, Pick cells can be found; these are similar to ballooned neurons found in various neurodegenerative diseases.
Niemann-Pick disease type C Niemann-Pick disease type C is an atypical lysosomal lipid storage disease caused by two different genetic defects affecting cellular transport of unesterified cholesterol and glycosphingolipids [11] . Symptomatic individuals of juvenile or adult age typically present with neurologic or psychiatric signs. The neurologic phenotype includes cerebellar ataxia (76%), vertical supranuclear ophthalmoplegia (75%), and a movement disorder with variable features (58%), as well as 
Postencephalitic parkinsonism
In the first description of PEP, Dr Constantin von Economo presented three syndromes associated with the disease, a somnolent-ophthalmoplegic, a hyperkinetic, and an amyostatic-akinetic variant. Sometimes symptoms occurred years after encephalitis lethargica epidemics. The classical inflammatory lesions in the tegmentum of the midbrain include neuronal loss, gliosis, and tau pathology, but cortical lesions consisting of neuropil threads and neurofibrillary tangles are present as well. Although difficult to differentiate histopathologically [7] , differences between PSP and PEP exist at the molecular level. PEP is characterized by straight filaments with a combination of 3-repeat and 4-repeat tau isoforms. PSP is characterized by a predominance of 4-repeat tau aggregates.
Geographically distinct tauopathies
Tauopathies in distinct geographic areas [12, 13] include the amyotrophic lateral sclerosis (ALS)/Parkinsondementia complex (PDC) of Guam, New Guinea, and the Kii peninsula of Japan, which shows striking neuropathologic similarities with PSP and PEP. For several centuries, ALS/PDC has occurred in the indigenous families of these three locales, but recently, the incidence and prevalence rates have dramatically declined. The primary etiologic factors are still unknown. A unique linear retinal pigment epitheliopathy (LRPE) is present in 50% of patients with ALS/ PDC, but in only 15% of the asymptomatic Chamorro people of the Mariana Islands. Of 17 patients who had a diagnosis of this retinopathy in the early 1980s, 11 (65%) developed ALS/PDC, three died of other causes, and three are still alive with no evidence of neurodegenerative disease. LRPE is seen also in the Kii peninsula. The role of this unique retinopathy, which may mark the etiologic event of ALS/PDC, is not yet identified.
A recurring hypothesis as to causation of the Guam disease is exposure to fadang, the local name given to the false sago palm, Cycas micronesica. However, attempts to verify the necessary toxicity through controlled experiments have failed, rendering the hypothesis untenable [14] .
Another model disease of great interest is atypical parkinsonism in the French West Indies [15] . Some of the patients on the islands of Guadeloupe and Martinique show overlap with PSP (probable PSP, 22%), but the majority have unclassified non-dopa-responsive parkinsonism (38%) and probable PD (25%). The unclassifiable syndrome does not show fluctuations, hallucinations, and ophthalmoplegia and is seen only in Afro-Caribbeans, mixed race, and Indian populations. Autopsies in two cases revealed a synucleinopathy with typical Lewy bodies in the substantia nigra [16] . Tau deposits were sparse in the unclassifiable syndrome but typical in the PSP-like cases. Potential etiologic factors, in particular the consumption of plants from the Annonaceae family, are still under discussion. These plants are of particular interest because they contain mitochondrial toxins such as isoquinolines, berberines, and acetogenins, which cause neurodegeneration in cell and animal models [17, 18] .
Genetics
The discovery in 1998 that mutations in the tau gene are a cause of hereditary forms of FTDP-17 [19, 20] showed that tau depositions as neurofibrillary tangles may link directly to mutations in the tau gene. These mutations might affect microtubule binding and assembly or might cause increased self-aggregation or affect alternative splicing of exon 10. Studies of gene expression patterns showed that those in tauopathies differ from those in normal-aged controls, AD patients, and patients with PSP and that the pattern in patients with frontotemporal dementia and Pick disease may represent a distinct group. Further studies will address the temporal and spatial development of these alterations in humans but also transgenic mouse models.
Several families with a progressive PSP-like phenotype have been described [21] . MAPT and PARK2 mutations may cause a PSP-like picture. An additional locus on chromosome 1q31.1 was described in a large family from Extremadura, Spain; the mutation and the respective gene are not yet identified.
Mutations in the LRRK2 gene cause a familial, autosomal dominant parkinsonism. Phenotypically, LRRK2 mutations may present as a PSP-like parkinsonism as well as typical idiopathic PD. Interestingly, PSP-like clinical presentations correspond neuropathologically to a tauopathy, whereas most PD-like presentations have an alpha-synucleinopathy as their pathologic substrate [22] . PSP-like pathology due to a LRRK2 mutation appears to be a relatively rare cause of PSP; screening of PSP brain bank cases for the L1441C and G2019S mutations was negative. However, antibodies to the LRRK2 protein (NB 300-268) label Lewy bodies in PD and a subset of neurofibrillary tangles in AD and PDC of Guam [23] .
The MAPT H1 haplotype of tau is the only consistently confirmed genetic risk locus for PSP [24] . Examination of H1 haplotype-specific single nucleotide polymorphism can account for only a portion of the overall H1 haplotype association, suggesting that the H2 haplotype plays a protective role. A pooled genomewide association study has identified an additional risk locus for PSP on chromosome 11p11-12 which contains the genes DDB2 and ACP2 [25] . Further characterization of this locus and additional genome-wide association studies are under way. Previously, genetic association for the polymorphism Val380Leu in sporadic and familial PSP has been reported [26] .
There are two classes of MAPT mutations: (i) mutations that alter the tau protein sequences and thus might affect tau binding to microtubules and tau aggregation, and (ii) mutations that are silent on the protein level but alter alternative splicing of exon 10, leading mostly to excess 4-repeat tau. If excess 4-repeat tau is present, tangles are predominantly 4-repeat tau, and a glial pathology is observed. In brain, expression of the six major tau isoforms is affected mainly by alternative splicing of exons 2, 3, and 10. Phenotype is influenced by the cellular expression pattern of different MAPT mutations; for example, the V337M mutation leads to neurofibrillary tangles in the cortex whilst sparing the hippocampus. In contrast, the Q336R mutation preferentially affects hippocampal structures. Splicing regulation can be influenced by differential expression or phosphorylation of splicing factors, which again leads to different mutation-induced phenotypes. In PSP, the reason that 4-repeat tau is increased in specific cells is unknown -for example, whether a specific mechanism causes only 4-repeat tau to aggregate or whether a specific mechanism may exist that affects only cells that produce excess 4-repeat tau needs to be determined. Key pathophysiologic mechanisms underlying various tauopathies are presented in Fig. 1 and summarized in Table 3 .
Biomarkers
Imaging techniques have the potential to serve as longitudinal biomarkers in tauopathies with parkinsonism. In the neuroradiologic part of the European Neuroprotection and Natural History in Parkinson Plus Syndromes trial (NNIPPS), MRI evaluation was done in 632 patients (434 for multiple system atrophy, 298 for PSP) with internationally validated semiquantitative scales by two blinded reading centers. If discrepancies existed, a consensus reading was performed in each case. In PSP patients, midbrain atrophy, enlargement of the aqueduct of Sylvius, an increased interpeduncular angle, and punctate upper mesencephalic hyperintensities were particularly pronounced. A significant correlation between oculomotor signs and midbrain atrophy as well as punctate upper mesencephalic hyperintensities was observed. The longitudinal data obtained in the NNIPPS study is yet to be analyzed.
There have been first results obtained in a longitudinal MRI study in PSP (n = 17) and in the parkinsonian variant of multiple system atrophy (MSA-P) (n = 9) [27] . Because cross-sectional imaging can only suggest that change has occurred, quantitative serial assessments are mandatory. If this approach is used, PSP, MSA-P, and control brains could be reliably distinguished by the measurement of annual atrophy rates (percentage per year). For example, the rate of midbrain atrophy in PSP is seven times that in healthy controls, whereas the pontine atrophy rate in MSA-P is 20 times that in healthy controls. In PSP, a worsening of motor deficits was associated with greater rates of midbrain atrophy. Increased rates of frontal atrophy in PSP were associated with decreasing executive (Ôfron-talÕ) function. If power calculations for clinical trials are performed, the use of regional rather than whole brain atrophy rates serves as a practical and powerful tool to reflect the progressive course of the disease and its potential modification [28] .
The use of PET in patients with tauopathies may improve diagnostic confidence. The fluorodeoxyglucose (FDG) metabolic pattern of PSP involves the medial frontal cortex and the midbrain, a pattern that is not observed in idiopathic PD, MSA-P, or CBD [29] . FDG PET can also be used to detect functional deficits in asymptomatic carriers of familial PSP genes [30] . In the future, progress can be expected with the use of markers that bind to hyperphosphorylated tau, in particular quinoline and benzimidazole derivatives.
Conflicting results have been published on CSF findings in atypical parkinsonian diseases. Well-established nonspecific markers for neurodegenerative diseases such as the levels of total tau protein, phosphotau protein, and b-amyloid peptide appear to be of limited value [31] . However, some reports describe higher levels of total tau protein in individual patients with CBD and PSP, whereas phospho-tau protein was always within normal range in patients with PSP. Increased levels of neurofilament light chain were described in patients with PSP and the cerebellar variant of multiple system atrophy, whereas levels of neurofilament light chains were within the normal range in patients with PD, CBD, and MSA-P [32] . Similar findings were observed by others, although high levels of neurofilament light chain were also described in patients with MSA-P. Further neurochemical research, including proteomic approaches, must address exact clinical characteristics and the stage of the disease to determine whether a biomarker might be useful in the early diagnosis or differential diagnosis.
Pathogenesis and treatment
Glycogen synthase kinase-3 (GSK-3) may play an important role in the pathogenesis of tauopathies and may represent a therapeutic target. This serine/threonine kinase exists in 2 isoforms (alpha and beta) encoded by 2 different genes, is most abundant in CNS in adults, and participates in many signaling cascades, including insulin/insulinlike growth factor 1 and Wnt signaling pathways. Increased GSK-3 activity may play a role in tauopathies because it can phosphorylate tau in vivo in most sites that are found hyperphosphorylated in AD-tau [33] , but it also accumulates in pretangles [34, 35] and interacts with presenilin 1, which may result in increased activity of the enzyme. To study the consequences of sustained increased GSK-3 activity in adult tissues and to explore the therapeutic potential of GSK-3 inhibition, conditional transgenic mice that overexpress either wild-type GSK-3 or a dominant- Figure 1 Sketch of the putative pathophysiology underlying tauopathies of various etiologies. The physiologic role of tau as a stabilizer of neuronal microtubules by binding to microtubules can be disrupted through a multitude of insults (raised intracellular calcium levels, energy depletion, Ab, etc), resulting in a hyperphosphorylation of tau at specific sites. Hyperphosphorylation of tau leads to altered binding of tau to neuronal microtubules, causing a destabilization of microtubule dynamics, such as the disintegration of microtubules, resulting in a disruption of microtubule-motor protein (dynactin-dynein complex, kinesin complex) interactions. This dysfunction of cytoskeletal properties may lead to a misdistribution of microtubule-associated cell components, e.g. mitochondria. In addition, tau fragments generated through proteolytic processes result in presumably toxic truncated tau species, e.g. displaying a reduced degradability. Finally, tau proteins or fragments of tau detached from microtubules may form filamentous aggregates (neurofibrillary tangles) through various intermediate confirmations and a seeding process (nucleation).
negative form of the kinase have been generated. Mice with neuronal overexpression of wild-type GSK-3 show electrophysiologic abnormalities, histopathologic alterations (increased tau phosphorylation and neuronal loss without tau filament formation) [36] , and impaired spatial recognition [37] , consistent with the notion of increased GSK-3 activity participating in the etiology of AD and other tauopathies. Interestingly, the AD-like phenotype of Tet/GSK-3 mice fully reverts after restoration of normal GSK-3 activity in these conditional transgenic mice [38] , thus supporting the therapeutic potential of GSK-3 inhibitors. Besides, low-dose treatment with lithium (a GSK-3 inhibitor) convincingly prevents neuropathologic changes in mice with increased GSK-3 activity that also express FTDP-17 [39] . However, GSK-3 knock-out mice die of liver failure in early embryonic development. Therefore, complete and early downregulation of GSK-3 might not be a useful approach. Regulatable Tet/DN-GSK-3 mice were developed to explore the efficacy and adverse effects of GSK-3 inhibition. Mice with decreased GSK-3 activity as a consequence of DN-GSK-3 expression showed increased incidence of neuronal apoptosis in brain regions involved in motor control such as striatum and cortex and concomitant deficit in motor coordination, thus warning of potential neurologic toxicity of GSK-3 pharmacologic inhibition beyond physiologic levels. Interestingly, the reversibility analysis in these mice also suggests that adverse effects are likely to subside if excessive GSK-3 inhibition is halted. Further analysis of these mice combined with transgenic models of tauopathies is expected to shed light on the therapeutic potential of pharmacologic GSK-3 inhibition in tauopathies.
The emphasis on kinases to explain the hyperphosphorylation of tau is a popular approach but may not be firmly supported by basic science data. Upregulation and downregulation of kinases in cells or mice yield contradictory results. GSK-3b has many targets, and inhibitors such as lithium have many targets as well. Moreover, hyperphosphorylation of tau (and other proteins) can be achieved simply by a slight drop in body temperature that shifts the balance of kinase and phosphatase activity [40] .
Mitochondrial dysfunction is thought to play an important role in the development of tau pathology. The Guadeloupe disease may serve as a good model for sporadic PSP [15] . The consumption of Annonaceae plants is an identified risk factor for the disease. The toxic principle of Annonaceae plants may be mitochondrial toxins, such as isoquinolinic alkaloids and acetogenins. It has been shown in vitro that Annonaceae plants are toxic for dopaminergic neurons [41] by potent inhibition of complex I [42] . After systemic administration, the compound enters the brain of experimental rodents and selectively destroys striatal and nigral neurons [43] . Similar effects can be shown by the systemic administration of the complex I inhibitor rotenone, a compound used, amongst other things, for eradicating unwanted fish in the tropics [44] . In addition, an accumulation of hyperphosphorylated tau and the tau accumulation in neuronal and glial cells were observed [45] . Because this observation is complementary to evidence of mitochondrial dysfunction in PSP [46] , two pilot trials, one with coenzyme Q10 and another with creatine, pyruvate, and niacinamide, in PSP have been proposed.
Chronic inflammation may play a major role in the pathogenesis of tauopathies; inflammation may drive the disease process through self-attack on viable tissue. McGeer and McGeer [47] introduced the term autotoxic diseases (to be distinguished from autoimmune diseases) and considered tauopathy a typical example of autotoxic disease. Activated microglia mediate such toxicity by producing harmful concentrations of free radicals, glutamate, cytokines, complement proteins, and prostaglandins. Retrospective studies [48, 49] Inhibition of axonal traffic by excess tau bound to microtubule surface Aggregation of tau after detachment from microtubules (neurofibrillary tangles) Toxicity of tau fragments generated by proteolysis (by unknown mechanisms)
have reported
FTDP-17, frontotemporal dementia with parkinsonism linked to chromosome 17; GSK-3b, glycogen synthase kinase-3b; hsp, heat shock protein; MAP, microtubule-associate protein; MARK, microtubule affinity regulating kinase; Pin, peptidyl prolyl cis-trans isomerase; PP, phosphatase.
Tauopathies with parkinsonism findings consistent with the concept that nonsteroidal antiphlogistics may have disease-modifying potential. Based on our current understanding of the pathophysiology and pathobiochemistry of tauopathies, the pharmacologic modification of tau hyperphosphorylation, tau conformation, tau fragmentation, and tau aggregation may be considered as potential therapeutic targets in tauopathies. Since tau hyperphosphorylation leads to destabilization of microtubules (Ôloss of functionÕ), stabilizing drugs (for example, paclitaxel) have been used in tauopathy models and were shown to be effective in preventing Ab-induced neurodegeneration and even to reverse fast axonal transport deficits [50] . Tau hyperphosphorylation is a putative gain of the functional mechanism by which paired helical filaments are formed. To influence this potentially toxic mechanism, tau kinase inhibition may be the pharmacologic target to modify the disease process, as stated above regarding GSK-3. However, understanding the redundancy and the sequential activation of kinases may be necessary before these compounds can be tested. It has been shown recently that a small molecular inhibitor of kinases has a beneficial effect in the P301L mouse model [51] , showing that this concept can be proven in principle. Most interesting for potential human trials is the demonstration that lithium as well as specific GSK-3b inhibitors blocks tau pathology [39, 52] . Activation of tau phosphatase as a therapeutic mechanism, however, may have competing effects and requires better understanding. Another therapeutic path may be use of the prolyl isomerase Pin1 to restore the function of tau by altering its conformation. An understanding of the normal function of Pin1 is only beginning; deletion of the gene encoding Pin1 leads to a neurologic phenotype with tau hyperphosphorylation, tau filament formation, and neuronal degeneration [53] . Inhibition of tau proteolysis may prevent neurotoxicity [54] and tau aggregation [55] . Caspases and other cytosolic proteases are suspected of being involved in the proteolytic processing of tau. Finally, tau aggregation is accelerated by the presence of polyanions (e.g. RNA, acidic peptides, or fatty acid micelles). Several classes of compounds were shown to inhibit tau aggregation, such as anthraquinones, phenothiazines, benzothiazoles, and polyphenols [56] . Such compounds are able to relieve the aggregation-dependent toxicity of tau in cell models. An immunotherapeutic approach to brain diseases with aggregating proteins has shown promise [57] , although opposite experiences have also been reported [58] . Table 4 includes information on different therapeutic targets that may be used in drug development and treatment.
The path of drug discovery leads from target validation to in vitro assay development (yeast, cell cultures), compound library design, and screening to in vivo experimental trials for efficacy and toxicity (Drosophila melanogaster and rodents), and finally from transgenic animal models to human applications. A synopsis of transgenic models is presented in Table 5 .
Methods for comprehensive clinical assessment of PSP are highly relevant, with a special focus on endpoints for therapeutic interventions, i.e. existing scales like the Unified Parkinson Disease Rating Scale Part III, AddenbrookÕs Cognitive Examination, and newly devised disease-specific scales such as the Golbe PSP scale [82] and future ÔcompositeÕ scales such as the NNIPPS scale. Functional milestones such as falls, dysphagia, and percutaneous endoscopic gastrostomy insertion may serve as end-points and are all consistently related to survival [4] . For the purpose of a therapeutic trial, it was postulated that:
• a large geographic area or a multicenter trial is required; • early modification of the disease will be difficult because nonspecific features would create noise; and • hard end-points may be death or functional measures such as motor milestones. In a systematic PubMed search, van Balken and Litvan [83] found 96 reports on clinical trials describing 842 PSP patients. Taken together, the results were generally disappointing; only mild and transient benefits were reported in studies with multiple methodologic problems. van Balken and Litvan pointed out that future trials should have more rigorous methods, should be randomized, double-blind, and placebo-controlled, and should use only validated outcome measures. It is hoped that experimental trials in tau animal models will accelerate research in humans.
Given the variability of the clinical picture and the low prevalence of tauopathies, knowledge on the spectrum of the diseases must include rare disease forms and their early clinical differentiation (CBD, PSP-parkinsonism, and other rare forms dominated by apraxias or frontal dementias). The importance of performing autopsies on as many cases as possible cannot be overemphasized. Current clinical criteria are imperfect, and they are complicated by the frequency of overlapping pathologies. Most importantly, the causation of Cytoskeletal dysfunction (axonal/dendritic) Neuroinflammation the syndromes described remains unknown, and only through further studies of diseased tissue can definitive answers be obtained. In addition, a database must be developed that reliably reflects the natural history of the diseases. The NNIPPS study is a natural history study that is attempting to establish such a database using early diagnostic criteria. An indirect excitotoxic pathway resulting from mitochondrial failure has been proposed to be a part of pathogenesis of cell damage in PSP [15, 16] . Therefore, the NNIPPS investigators used the putative glutamate release blocker riluzole as a disease-modifying agent in PSP, but the therapeutic study failed to show a beneficial effect of the drug. However, the 3-year longitudinal assessment of the clinical phenotype in 767 patients with MSA or PSP will presumably be a way to identify more neuroprotective compounds in the future. The NNIPPS study has shown that these early inclusion criteria are predictive for neuropathologic classification. In addition, the natural history data will enable precise power calculations for functional measures and the end-point, survival. The need for further studies of symptomatic treatment approaches to PSP, in particular for the treatment and prevention of falls, dysphagia, and sepsis, is also important [2] . To test the clinical efficacy of potential diseasemodifying compounds, a network of investigators interested in these ÔorphanÕ diseases has the potential Also contains mutated hPSEN1 (M146V) and hAPP (swe) genes. f Pan neuronal (elav-GAL4) or cholenergic specific (cha-GAL4) expression.
Tauopathies with parkinsonism to expedite identification of novel therapies. Such a network may be particularly relevant for disorders affecting patients dispersed over large geographic areas. Investigator-initiated networks facilitate the development and harmonization of assessment tools and should provide data-capture systems for affordable human trials in these rare diseases. To achieve this goal of conducting human trials, clinicians and basic scientists as well as patient organizations should collaborate. The aims of the lay organizations are 2-fold: first, they want to be an interface between researchers and patients, and second, they attempt to provide patients insight into daily life problems and current scientific views of the disease.
In Europe, the Committee for Orphan Medicinal Products of the European Medicines Agency is responsible for opinions on orphan designation, provides incentives for the development of medicines for rare diseases, advises the European commission on orphan policy, and seeks international cooperation for rare diseases. European criteria for orphan designation include rarity (£5 affected of 10 000 population), seriousness of the condition (life-threatening or disabling), and the lack of satisfactory methods of treatment. Up to February 2008, 783 orphan applications had been submitted to the European Medicines Agency; 541 were positive, amongst which 365 (67%) were based on significant benefit and 80% of those were based on potential improved efficacy.
Summary and future perspectives
In general, the participants of the Reisensburg Working Group for Tauopathies With Parkinsonism felt strongly that the time has come to introduce disease-modifying therapeutic strategies into the field of tauopathies with parkinsonism. However, it was clear that many hurdles must be overcome until cost-effective therapeutic trials can be efficiently organized and eventually result in generally accepted therapies.
Importantly, the NNIPPS data have shown that early diagnosis and differential diagnosis of atypical parkinsonism are possible, and longitudinal data obtained in the trial can be used for designing future trials. It was felt that the transgenic mice developed on the basis of mutations in the MAPT gene can serve as models in which experimental therapeutic development occurs. However, the step from murine research to human research is not easy; the first methodologic step would be the standardization and validation of mouse studies [84] . If these experimental treatments can be developed, the question remains open whether these therapies can influence only 1 phenotype (Ôpattern of vulnerabilityÕ) or can be used in a broader sense (Ôetiology basedÕ) in tauopathies with parkinsonism with different phenotypes.
A complicating factor may be overlapping etiologies for tauopathies; tauopathies may be the result of environmental influences (e.g. PEP), an interplay between genetic factors and environment (e.g. Guam disease), or exclusively genetic (e.g. FTDP-17). However, even in the latter -given the variability of phenotypes -modifying factors, either genetic or environmental, play a role. Certainly, the step from murine to human research can occur more easily if disease-relevant biomarkers are established. Whether MRI techniques can serve this translational step is unproven; theoretically, biochemical markers should do better if the pathogenetic hypothesis is strong.
The most attractive potential therapeutic targets are neuroinflammation accompanying tauopathies, prevention of tau aggregation and tau hyperphosphorylation, stabilization of microtubules, and tau dephosphorylation. Interestingly, a number of drugs (such as lithium, valproic acid, and memantine) with well-known profiles of adverse effects can target these pathogenetic steps. Identification of disease-modifying strategies for tauopathies with parkinsonism is imperative and will be realized, although we cannot tell now how long this development will require.
